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Executive Summary
The Kentucky Transportation Cabinet (KYTC) has adopted a data-driven decision-making process
to allocate funds for highway improvement projects. This process — Strategic Highway
Investment Formula for Tomorrow (SHIFT) — requires that candidate projects be scored on five
critical metrics: safety, asset management, congestion, economic growth, and benefit/cost
analysis. The congestion metric is vehicle hours of delay (VHD), which was first developed for the
SHIFT 2020 cycle (1). For SHIFT 2022, VHD is estimated using probe speed data acquired for
166,527 directional miles of Kentucky highways.
This report summarizes analyses performed using 2018-2019 HERE speed data, and their use in
calculating congestion performance measures to support SHIFT 2022. After acquiring 2018-2019
probe speed data from HERE Technologies, Inc., we implemented a procedure developed as part
of an earlier research effort to process data and link them with Kentucky’s highway inventory
network. These data continue to provide good coverage of Kentucky’s roads, despite the data
provider making some adjustments to its original data sources.
Probe speed data were used to calculate congestion performance measures, including VHD, for
SHIFT 2022. For locations where such data were inadequate, HERS speed model was used to
estimate hourly speeds (1).
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Chapter 1 Introduction
1.1 Background
The Kentucky Transportation Cabinet (KYTC) acquired speed data generated by probe vehicles at
the link level covering 2018 and 2019 for all Kentucky highways. The data contain link speeds for
each day in 5-minute and 60-minute epochs (where available). A similar data set covering 2015
to 2017 was acquired for SHIFT 2020. These data have proven valuable for generating travel time
reliability performance measures, identifying bottlenecks, enhancing performance measures for
project selection and incident management, and calibrating and validating travel models.
1.2 Objectives
This study follows the framework developed in Measuring Congestion for Strategic Highway
Investment for Tomorrow (SHIFT) Implementation (PL-32) to update the congestion performance
measure using 2018-2019 speed data (1). Major components of the study are:
•
•
•

Data acquisition and processing
Computation of congestion performance measures
Calculation of vehicle hours of delay (VHD) for SHIFT 2022 projects

Results documented in this report will facilitate KYTC’s efforts to evaluate congestion on all roads
as well as on proposed projects submitted for funding consideration.
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Chapter 2 Speed Data and Analysis
2.1 Speed Data
KYTC obtained archived speed data from 2018 to 2019 for all Kentucky roads from HERE
Technologies. Speeds are referenced to HERE 2019Q4 map links and are available in 5-min and
60-min epochs for each day as well as for all vehicles, cars only, or trucks only.
The HERE Streets 2019Q4 map and HIS AllRds map downloaded from KYTC’s website on
December 6, 2019 were conflated to create an association between the two networks and travel
directions. 1 The goal was to link attributes from both networks for analysis. The conflation
methodology is documented in Chen et. al. (1).
2.2 Data Quality Statistics
Similar to the 2015-2017 probe speed data, the 2018-2019 data were processed to generate
spatial and temporal statistics, such as yearly average speed and 85th percentile speed, weekday
average speed and 85th percentile speed, weekday and weekend hourly speed, and number and
percentage of intervals having available speeds. Calculated statistics enable analysis of coverage
and speed trends over the last five years.
Table 2.1 shows the distribution of direction-miles of Kentucky roadways with different temporal
coverage ranges for the 2015-2019 period. The HERE Streets network contains parking lot lines
— these links were excluded from analysis. Table 2.1 and Figure 2.1 indicate that the spatial
coverage of speed data in 2018 and 2019 did not increase compared to previous years. Compared
to 2017, more roads (in terms of mileage) in 2018-2019 fall into low (e.g., less than 5%) coverage
categories, while fewer roads are in higher coverage categories.
Discussion with a HERE engineer during data procurement helped explain why the network
coverage did not improve. During 2019, a change in data source caused a noticeable increase in
aggregated speeds in many parts of the country. To make the speeds more comparable to
historical trends, HERE removed data from those sources all together from their 2019 data
product. As a result, the spatial coverage may be adversely affected.
To evaluate speed trends, we used data on links that were unchanged between two HERE
network versions. The 2019 network contains 640,250 links and the 2017 network contains
591,835 links. New roads and intersections and changing alignments or roadway features
contribute to the change. There are 543,994 links, which account for 85% of the 2019 network
or 92% of the 2017 network that are unchanged between the two network versions. Figures 2.2
– 2.5 compare yearly average speed, yearly 85th percentile speed, non-holiday weekday daytime
average speed, and non-holiday weekday daytime 85th percentile speed based on HERE
functional classes. The data indicate a slight increase in speeds on FC 1-4 links during these years.

1

https://transportation.ky.gov/Planning/Pages/Roadway-Information-and-Data.aspx
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The histograms in Figure 2.6 and Figure 2.7 summarize speed differentials on individual links
between 2017 and 2018 and between 2018 and 2019. These figures illustrate year-to-year
changes in speeds during the most recent three-year period. From 2017 to 2018, more links saw
decreased speeds than increased speeds. From 2018 to 2019, the trend reversed, with more links
having increased speeds in 2019. This observation is generally consistent with information the
HERE engineer shared during data acquisition. The histograms also show that the year-to-year
changes in speeds on most links are small and fall within the range of -5 mph to 5 mph.
Similar observations were made in other geographic areas using probe data from a different data
vendor (2). Reversed speed trends between 2017 and 2019 monitoring cycles resulted from a
change in the data provider and modified data source composition in the data product.
Adjustments were made to ensure more realistic speed trends over time in the area. These
findings demonstrate the peril of relying entirely on probe data for longitudinal analysis and serve
as a reminder that all data products and the interpretation of results should be examined
carefully.
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2015
Coverage
Mileage
%Mileage
0
15741.6
(0, 0.012]
7700.1
(0.012, 0.5]
68006.9
(0.5, 1]
21574.0
(1,2]
20581.0
(2,5]
22164.1
(5,10]
11132.7
(10,20]
8843.2
(20,50]
9378.8
(50,100]
5959.7
Total
191082.1

Table 2.1 Sample Coverage Distribution of Speed Data

2016
Mileage
%Mileage
8.2
13317.0
4.0
6692.0
35.6
62728.6
11.3
21193.4
10.8
21388.6
11.6
25040.8
5.8
13362.1
4.6
9969.0
4.9
10027.4
3.1
7363.3
100.0
191082.1

2017
Mileage
%Mileage
7.0
13664.5
3.5
6640.7
32.8
61540.2
11.1
20880.7
11.2
21815.8
13.1
25147.9
7.0
13539.8
5.2
10069.7
5.2
10436.7
3.9
7346.2
100.0
191082.1

2018
Mileage
%Mileage
7.2
17714.8
3.5
7759.3
32.2
67258.7
10.9
20917.3
11.4
19816.2
13.2
22067.6
7.1
11428.0
5.3
8875.0
5.5
9394.1
3.8
6500.8
100.0
191731.8

2019
Mileage
%Mileage
9.2
18388.6
4.0
8096.1
35.1
68543.7
10.9
19822.3
10.3
18464.6
11.5
21313.8
6.0
11811.3
4.6
9041.5
4.9
9569.3
3.4
6680.8
100.0
191731.8

9.6
4.2
35.7
10.3
9.6
11.1
6.2
4.7
5.0
3.5
100.0

Figure 2.1 Coverage Distribution of Speed Data
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Figure 2.2 Yearly Average Speed Comparison by Functional Class

Figure 2.3 Yearly 85th Percentile Speed Comparison by Functional Class
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Figure 2.4 Non-Holiday Weekday Average Speed Comparison by Functional Class

Figure 2.5 Non-Holiday Weekday 85th Percentile Speed Comparison by Functional Class
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Figure 2.6 Histogram of Speed Difference between 2017 and 2018
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Figure 2.7 Histogram of Speed Difference between 2018 and 2019

KTC Research Report Updating Congestion Performance Measures for SHIFT 2022

9

2.3 Data Adequacy Evaluation
Methods and data developed for SHIFT 2020 call for setting the threshold of data availability at
10% temporal coverage (1). This means that when probe speed data are available for at least 10%
of the hours in a year, they are adequate for estimating VHD. Otherwise, the HERS speed model,
which relies on different traffic and roadway attributes, is used to estimate hourly speeds in the
VHD calculation. This threshold was established for all roads in Kentucky, regardless of road type
or operating characteristics, and applied to SHIFT 2020 process.
For SHIFT 2022, additional analysis was performed to evaluate the feasibility of lowering the
threshold for some roads, especially low-volume roads. For low-volume roads on which little
speed change is observed, the required temporal coverage often would be lower than 10%. The
goal is to take advantage of measured data as much as possible within statistical reason. For a
number of highway sections, we compiled the following data (in addition to Google Street View
images that provide some visual context of the location):
•

•

•

HIS attributes
o Route ID and mile points
o Functional classification
o AADT
o Speed limit
HERS model items
o Peak capacity
o Reference speed
o Peak hour speed
HERE data items
o Temporal coverage (percentage hours when speed data are available)
o Reference speed
o Peak hour speed
o Hourly speed distribution

According to probe speed data, most of the low-volume roads evaluated show little variation in
measured speed during an average weekday. Probe speed values at these locations are
reasonable based on the surrounding context observed from Google Street View images. As a
result, the data availability requirement on most of these roads can be relaxed to significantly
less speed “sample size”— in other words, reduced temporal coverage on less than the 10%
statewide threshold to derive statistically accurate speed estimates.
Based on the evaluation, for all but two SHIFT 2022 highway projects where probe speed data
availability falls between 5% and 10% we recommend using speed data for delay calculations.
The remaining two projects should continue to use HERS-estimated speeds due to the high
variation in probe speeds.
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Chapter 3 Congestion Performance Measure
3.1 Delay
Several metrics have been developed based on probe speed data, including weekday hourly
speeds, standard deviation, peak hour travel time index, TTI80 (the 80th percentile travel time
index), and vehicle hours of delay. Using the program developed in PL-32 and optimized and
updated in this study, we calculated these performance measures for each highway segment.
Conflation of the HIS network and HERE Streets network was completed prior to this.
Several delay metrics were developed in PL-32: VHD, vehicle hours of delay per mile (VHDPM),
and average hours of delay (AHD). VHD was selected as the measure of congestion for SHIFT
2020. The following excerpt from the PL-32 final report describes how VHD is estimated.
“Delay is the time spent traveling a segment in excess of the reference travel time. Individual
vehicle delay for the ith hour (Di) is defined as:
𝐿𝐿
𝐿𝐿
𝐷𝐷𝑖𝑖 =
−
𝑆𝑆𝑖𝑖 𝑅𝑅𝑅𝑅
where: L = Segment Length, 𝑆𝑆𝑖𝑖 = Average Speed for the ith hour, and 𝑅𝑅𝑅𝑅 = Reference Speed.
Vehicle hours of delay for the ith hour (VHDi) are estimated as:

in which 𝑉𝑉𝑖𝑖 = Volume for the ith hour.

𝑉𝑉𝑉𝑉𝑉𝑉𝑖𝑖 = 𝑉𝑉𝑖𝑖 × 𝐷𝐷𝑖𝑖

Total VHD for a typical weekday during the 6 am – 8 pm interval (the 14-hour daytime period) is
estimated as:
𝑉𝑉𝑉𝑉𝑉𝑉 = � 𝑉𝑉𝑉𝑉𝑉𝑉𝑖𝑖
𝑖𝑖

VHD measures the total delay experienced by all vehicles traveling a highway segment.”
Reference speed is determined using Table 3.1 based on the analysis previously performed (1).

Facility Type

Table 3.1 Reference Speed
Reference Speed

Freeways

The 85th percentile speed of all speed data

Non-freeways

The average speed during weekday daytime (6am – 8pm)
Source: (1)
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3.2 Network Screening
After breaking the conflated network into approximately ¼-mile segments, we calculated VHD
for each segment (Figure 3.1). We estimated delay at a relatively short segmentation level to
ensure local delay is properly accounted for projects on long corridors. Figure 3.2 and Figure 3.3
zoom into the Lexington and Louisville metropolitan areas, respectively.
3.3 Project Evaluation
After specifying the route ID and mile points for each proposed highway project we calculated
VHD on each route and project. Figure 3.4 shows an overview of the projects proposed in
SHIFT2022. The map is color-coded based on the percentile ranking of the VHD.
In addition to delay, peak hour travel speed and peak hour travel time index were provided to
KYTC along with source data (either speed data or HERS model) for the metrics.
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Figure 3.1 Statewide Network Screening Map
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Figure 3.2 Network Screening Map – Lexington/Fayette County
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Figure 3.3 Network Screening Map – Louisville/Jefferson County
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Figure 3.4 Statewide Project Vehicle Hours of Delay Map
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